Introduction {#s0001}
============

Metabolic syndrome (MetS), not a disease per se, is a cluster of abnormalities that including abdominal obesity, hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-c), hyperglycemia and elevated blood pressure.[@cit0001]--[@cit0003] The National Cholesterol Education Program's Adult Treatment Panel ш (NCEP: ATP ш), World Health Organization (WHO) and International Diabetes Federation (IDF) employ this syndrome to highlight the risk of individuals developing cardiovascular disease (CVD) and type 2 diabetes (T2DM).[@cit0001],[@cit0004] Moreover, MetS increases mortality due to CVD,[@cit0001],[@cit0005],[@cit0006] and is associated with the risk of certain types of cancers,[@cit0007] such as colorectal cancer,[@cit0008] pancreatic cancer,[@cit0009] and breast cancer.[@cit0010] Although different countries or organizations have recommended different criteria for the definition of MetS, abdominal obesity and insulin resistance are believed to be at the core of most cases of MetS.[@cit0003] Along with the rising obesity rates, the nationwide prevalence of MetS among Chinese adults has remarkably increased from 9.8% to 24.2% within one decade,[@cit0011],[@cit0012] which poses a large health threat to the Chinese population.

The diagnosis of MetS is based on several components of metabolic abnormalities. However, numerous epidemiological and public health studies have been conducted in order to predict MetS using anthropometric indices because of their simple measurements. Anthropometric measurements, such as waist circumference (WC), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), and body mass index (BMI), have been reported to be strongly associated with MetS,[@cit0013]--[@cit0015] but the majority of these studies focused on the analysis of only one or several anthropometric measurements suitable for the screening of MetS. Furthermore, the index that best predicts MetS remains controversial, despite the fact that WC is one of the components of MetS.[@cit0016]

Recently, a large number of studies have suggested using the hypertriglyceridemic waist (HW) phenotype, due to its simple and cost-effective measurement, as an alternative indicator of chronic disease or metabolic disorder, including prediabetes or diabetes,[@cit0017]--[@cit0021] CVD,[@cit0022],[@cit0023] and MetS.[@cit0016],[@cit0024],[@cit0025] However, whether the HW phenotype has a better discriminative power to identify individuals with cardiometabolic risk factors or metabolic diseases is still controversial. Some studies suggested that the concurrent use of WC and triglyceride (TG) levels could be more useful in prevalence studies of T2DM and CVD compared with the use of WC or TG alone.[@cit0020]--[@cit0023] According to Blackburn et al,[@cit0025] HW may be as discriminative as the NCEP-ATP III or the IDF criteria and could be used as an initial screening approach to identify individuals with deteriorated cardiometabolic risk markers. Conversely, von Bibra et al have reported that HW phenotype is not superior or even inferior to other indicators in predicting the concomitant presence of MetS and insulin resistance.[@cit0026] Although the populations of those studies were different, this may not fully explain their inconsistent results. HW phenotype is a qualitative indicator of metabolic abnormality, while anthropometric indices and TG are both continuous variables. Thus, we hypothesized that another possible reason is the qualitative nature of HW phenotype itself. According to Yang et al, the waist circumference-triglyceride (WT) index, a continuous index calculated as WC (cm)×TG (mmol/L), is a good predictor for the development of coronary artery disease.[@cit0027] However, Adejumo et al used anthropometric indices including WT index to predict MetS and reported that WT index was not superior to WC alone.[@cit0028] Thus, by imitating the triglyceride glucose index (TyG) index, which is a continuous index indicating insulin resistance,[@cit0029],[@cit0030] we developed another form of WT index consisting of TG levels and WC and was calculated as Ln \[TG (mg/dl) WC (cm)/2\], termed waist-triglyceride index (WTI), in order to investigate whether this form of the index could identify the presence of MetS better than its qualitative form or other indicators of MetS.

Subjects and Methods {#s0002}
====================

Study Population {#s0002-s2001}
----------------

From July to December 2015, a total of 3460 community-dwelling adults (1465 women and 1995 men) were recruited from the annual health checkup held at the Department of Health Medical Center, Peking Union Medical College Hospital, China Academic Medical Science and Peking Union Medical College (Beijing, People's Republic of China). The participants in this study are distributed in multiple communities in Beijing. This study was approved by the Ethics Committee of Peking Union Medical College Hospital, China Academic Medical Science. All subjects participated in the study voluntarily. Written informed consent was obtained from all participants. This study was conducted according to the standards of the International Committee on Harmonization on Good Clinical Practice and the revised version of the Declaration of Helsinki.

To select the sample, the following inclusion criteria were applied: subjects who (1) participated in the study voluntarily and provided written informed consent; (2) were aged 20--79 years; and (3) were Chinese residing in the People's Republic of China. The exclusion criteria were as follows: (1) those . with a BMI \<18.5 kg/m^2^ or \>30 kg/m^2^; (2) those with a history of type 1 or 2 diabetes mellitus or currently using hypoglycemic medications or latest lab-testing fasting glucose ≥7.0 mmol/L; (3) with a suspected liver or renal insufficiency: alanine aminotransferase (ALT) level higher than 120 U/L or serum total bilirubin concentration ≥1.5 mg/L or an estimated glomerular filtration rate (eGFR) less than 60 mL/minute/1.73 m^2^; (4) with a progressive malignancy currently undergoing radiotherapy or chemotherapy; (5) those with a definite family history of hypertriglyceridemia or with a serum TG concentration ≥10.0 mmol/L or those currently using lipid-lowering medications (bezafibrate or fenofibrate, etc); (6) those with a current hyperthyroidism or hypothyroidism; (7) those with an ongoing weight loss program or who are on a diet; (8) those with a history of weight-loss surgery; (9) those with a mean alcohol consumption more than 30 g per day;[@cit0031] and (10) those with a confirmed coronary heart disease (participant flowchart is in the [[Supplemental Figure 1](https://www.dovepress.com/get_supplementary_file.php?f=259770.docx)]{.ul}). By using a continuous sampling method, we recruited the participants who met the inclusion criteria and had none of the exclusion criteria.

A standard questionnaire was used by trained physicians to collect information including age, smoking status, drinking status, medical history, and medication use. Routine physical examinations were then performed on all participants. Two blood pressure recordings were obtained from the right arm of the participants in sitting position after 30 min of rest. The average of these two records was used.

Anthropometric Measurements {#s0002-s2002}
---------------------------

The participants were requested to wear light clothing and to take off their shoes when the well-trained examiners measured their anthropometric characteristics, with the participants in the standing position. Height was measured to the nearest 0.1 cm with a portable stadiometer. Weight was measured to the nearest 0.1 kg with a calibrated scale. WC to the nearest 0.1 cm was measured at the end of normal expiration by measuring from midway between the lower borders of the rib cage and the iliac crest. Hip circumference was measured at the widest point between the hip and the buttocks. The height, weight, WC, and hip circumference of each participant were measured twice, and then the average value was calculated. BMI was calculated by dividing weight (kg) by height squared (m^2^). WHR was calculated by dividing WC (cm) by hip circumference (cm); WHtR were calculated by dividing WC (cm) by height (cm).

Biochemical Measurements {#s0002-s2003}
------------------------

Following an overnight fast (≥10 h), participants' blood samples were drawn for assessing fasting lipid including total cholesterol (TC), TG, HDL-c and low-density lipoprotein cholesterol (LDL-c), fasting plasma glucose (FPG), ALT, aspartate aminotransferase (AST), total bilirubin, creatinine, serum uric acid (SUA), and high-sensitivity C-reactive protein (hs-CRP), using an automated analyzer (Olympus AU5800, Japan); as well as free triiodothyronine, free thyroxine, thyroid-stimulating hormone, using an automatic direct chemiluminescence analyzer (Siemens ADVIA Centaur XP, Germany). eGFR was calculated from serum creatinine using the abbreviated Modification of Diet in Renal Disease (MDRD) study formula:[@cit0032] eGFR=186×(serum creatinine in mg/dL)^−1.154^×(age in years)^−0.203^×(0.742 if female).

Definition {#s0002-s2004}
----------

MetS was defined using the updated National Cholesterol Education Program/Adult Treatment Panel ш criteria (NCEP-ATP ш) for Asian Americans as three or more of the following components:[@cit0006] waist circumference ≥90 cm for men or ≥80 cm for women; triglycerides ≥1.7 mmol/L; HDL cholesterol \<1.03 mmol/L for men or \<1.30 mmol/L for women; blood pressure ≥130/85 mmHg or current of antihypertensive medications; or fasting glucose ≥5.6 mmol/L.

To determine HW phenotype, we considered the definition of the HW phenotype reported in recent studies.[@cit0016],[@cit0018],[@cit0033],[@cit0034] The HW phenotype was defined as follows: TG ≥1.5 mmol/L and WC ≥85 cm in women and TG ≥2.0 mmol/L and WC ≥90 cm in men. Therefore, men with TG \<2.0 mmol/L and/or WC \<90 cm and women with TG \<1.5 mmol/L and/or WC \<85 cm were considered normal participants.

Referring to the triglyceride-glucose index (TyG),[@cit0029] we developed a continuous index-WTI, consisting of WC (cm) and TG (mg/dl). Therefore, the WTI was calculated as follows: WTI=Ln \[TG (mg/dl) WC (cm)/2\]

Statistical Analysis {#s0002-s2005}
--------------------

Statistical analysis was performed using the Statistical Package Social Science (SPSS version 16.0, Chicago, IL, USA). In order to determine if the quantitative data conforms to a normal distribution, we used the Kolmogorov--Smirnov test. Normally distributed variables were described as mean (standard deviation, SD), whereas skewed variables were presented as median (interquartile ranges, 25--75%). The independent-sample *t*-test or the Mann--Whitney *U*-test, when appropriate, was used to compare continuous variables between MetS group and non-MetS group. Categorical variables were presented by frequency or percentage and examined by the chi-squared test. A logistic regression analysis was performed to determine the odds ratio (ORs) and 95% confidence intervals (CI) of MetS according to the values of WTI as well as the classification of HW phenotype (0=without any component of HW phenotype; 1=with only one component; 2=with two components) with adjustments for potential confounding factors. Receiving-operating characteristic (ROC) curves and areas under the curve (AUC) were used to calculate the AUC values of WTI and other indices for the screening of MetS. The values of BMI, WC, WHR, WHtR, WTI, and TyG that maximized the Youden index (sensitivity+specificity--1) were defined as optimal. Comparisons between the AUC values of WTI and other indices were conducted by the method described by DeLong et al.[@cit0035] All reported *P* values were two-tailed, and a significant level of \<0.05 was used.

Results {#s0003}
=======

Basic Characteristics of the Participants {#s0003-s2001}
-----------------------------------------

The overall prevalence of MetS was 20.9% in women and 29.5% in men, respectively. Basic characteristics of the participants are presented in [Table 1](#t0001){ref-type="table"}. Compared with women without Mets, women with MetS were older (*P*\<0.001) and had higher BMI, WC, WHR, WHtR, TyG, WTI, TC, TG, LDL-c, FPG, SUA, and hs-CRP (all *P*\<0.001), but lower HDL-c concentrations (*P*\<0.001). The proportion of women with hypertension was higher in MetS group than that in non-MetS group (*P*\<0.001). In men, compared with men without MetS, men with MetS had higher BMI, WC, WHR, WHtR, TyG, WTI, TC, TG, FPG, SUA, and hs-CRP (all *P*\<0.001), but lower HDL-c concentrations (*P*\<0.001). The proportion of men with hypertension was higher in MetS group than that in non-MetS group (*P*\<0.001). No significant differences in age and LDL-c were found between the two groups.Table 1The Characteristics of Participants with and without Metabolic SyndromeVariablesFemales (n=1465)Males (n=1995)NonMetS\
(n=1159)MetS\
(n=306)*P*NonMetS\
(n=1407)MetS\
(n=588)*P*Age (years)^a^45.6 (9.5)52.7 (10.3)\<0.00147.2 (9.8)47.5 (9.4)0.541BMI (kg/m^2^)^a^22.8 (2.5)25.5 (2.1)\<0.00124.4 (2.3)26.7 (1.8)\<0.001SBP (mmHg)^b^110 (103--119)125 (112--137)\<0.001117 (109--125)125 (118--133)\<0.001DBP (mmHg)^b^65 (60--72)73 (68--81)\<0.00173 (67--80)80 (74--86)\<0.001WC (cm)^b^79.4 (76.4--82.9)84.8 (81.9--88.7)\<0.00186.6 (82.5--91.7)93.7 (90.7--98.6)\<0.001WHR^b^0.81 (0.78--0.85)0.87 (0.84--0.91)\<0.0010.85 (0.81--0.90)0.92 (0.89--0.95)\<0.001WHtR^a^0.50 (0.04)0.54 (0.04)\<0.0010.51 (0.04)0.54 (0.04)\<0.001TyG^a^8.2 (0.5)9.0 (0.5)\<0.0018.6 (0.5)9.3 (0.5)\<0.001WTI^a^8.1 (0.5)8.9 (0.5)\<0.0018.6 (0.5)9.3 (0.5)\<0.001TC (mmol/L)^a^4.92 (0.87)5.23 (0.89)\<0.0015.03 (0.88)5.14 (0.94)0.016TG (mmol/L)^b^0.95 (0.70--1.29)1.94 (1.51--2.58)\<0.0011.39 (1.00--1.91)2.43 (1.84--3.46)\<0 0.001HDL-c(mmol/L)^b^1.44 (1.27--1.64)1.15 (1.02--1.26)\<0.0011.18 (1.06--1.35)0.97 (0.87--1.12)\<0.001LDL-c(mmol/L)^a^2.98 (0.74)3.26 (0.81)\<0.0013.15 (0.78)3.20 (0.83)0.263FPG (mmol/L)^b^4.9 (4.7--5.2)5.4 (5.0--5.7)\<0.0015.0 (4.8--5.3)5.4 (5.0--5.8)\<0.001SUA (μmol/L)^b^251(216--289)290 (253--326)\<0.001362 (316--410)393 (347--441)\<0.001hs-CRP (mg/L)^b^0.5 (0.3--1.1)1.3 (0.7--2.3)\<0.0010.8 (0.4--1.5)1.3 (0.7--2.2)\<0.001Hypertension (%)137 (11.8)179 (58.5)\<0.001205 (14.6)271 (46.1)\<0.001Current smoker (%)153 (13.2)49 (16.0)0.204681 (48.4)309 (52.6)0.091Menopause (%)330 (28.5)169 (55.2)\<0.001------[^1][^2]

In addition, we performed Spearman correlation analyses between WTI and other anthropometric indices. The results showed that WTI was positively (all *P*\<0.001) correlated with BMI, WC, WHR, WHtR, and TyG in both genders (the details are presented in [[Supplementary Table](https://www.dovepress.com/get_supplementary_file.php?f=259770.docx)]{.ul}).

Associations Between MetS and the Quantitative and Qualitative Indices Consisting of TG and WC {#s0003-s2002}
----------------------------------------------------------------------------------------------

In both genders, the one-standard deviation (SD) increments of WTI significantly increased the risk of MetS (all *P*\<0.001). After that, WTI values were categorized into gender-specific quartiles, both women and men in the highest quartile of WTI had significantly higher odds of MetS than those in the lowest quartile (all *P*\<0.001). Likewise, both women and men with HW phenotype had significantly higher odds of MetS than those without (all *P*\<0.001) ([Table 2](#t0002){ref-type="table"}). In the above regression models, we adjusted for covariates including age, smoking status, BMI, blood pressure, FPG, SUA, and hs-CRP for both genders (menopause status was only adjusted for models regarding women).Table 2Odds Ratios of MetS According to Gender-Specific Values of WTI and to Category Values of HW PhenotypeAdjusted Odds Ratio (95%CI)*P*Women^a^ WTI  Quartile 1 (\<7.9)1  Quartile 2 (7.9--8.3)2.086 (0.772--5.639)0.147  Quartile 3 (8.3--8.7)1.994 (0.767--5.184)0.157  Quartile 4 (≥8.7)54.102 (21.060--138.985)\<0.001  As a continuous variable (SD, 0.6)41.261 (23.196--73.397)\<0.001 HW phenotype  01  18.682 (5.353--14.082)\<0.001  249.183 (24.654--98.118)\<0.001Men^b^WTI  Quartile 1 (\<8.4)1  Quartile 2 (8.4--8.8)2.156 (1.169--3.976)0.014  Quartile 3 (8.8--9.2)12.806 (7.145--22.951)\<0.001  Quartile 4 (≥9.2)35.058 (19.309--63.655)\<0.001  As a continuous variable (SD, 0.6)11.906 (8.636--16.416)\<0.001 HW phenotype  01  16.359 (4.064--9.951)\<0.001  290.890 (51.878--159.240)\<0.001[^3][^4]

ROC Curves of WTI and Other Indices for Screening MetS and Comparison of AUC Values Between WTI and Other Indices in Both Genders {#s0003-s2003}
---------------------------------------------------------------------------------------------------------------------------------

For both genders, the ROC curves of WTI and other indices for screening MetS were located statistically above the diagonal nondiscrimination line ([Table 3](#t0003){ref-type="table"}, [[Supplementary Figures 2](https://www.dovepress.com/get_supplementary_file.php?f=259770.docx)]{.ul} and [[3](https://www.dovepress.com/get_supplementary_file.php?f=259770.docx)]{.ul}, all *P*\<0.0001). The differences in AUC values of WTI and other indices for screening MetS are presented in [Table 4](#t0004){ref-type="table"}.Table 3Sensitivity, Specificity, and AUC of the Cutoff Values of the Indicators for Screening MetSVariablesCutoff ValueSensitivitySpecificityAUC (95%CI)*P*Women BMI (kg/m^2^)23.80.8170.6840.797 (0.772--0.822)\<0.001 WC (cm)80.50.9050.6010.800 (0.775--0.826)\<0.001 WHtR0.510.8070.6160.781 (0.754--0.807)\<0.001 WHR0.840.8590.6580.803 (0.778--0.827)\<0.001 TyG8.70.7780.880.887 (0.865--0.909)\<0.001 WTI8.70.7580.8830.881 (0.858--0.904)\<0.001 HW phenotype------0.839 (0.813--0.865)\<0.001Men BMI (kg/m^2^)25.50.7620.6880.784 (0.763--0.805)\<0.001 WC (cm)89.70.8030.7140.785 (0.764--0.806)\<0.001 WHtR0.530.7020.7070.751 (0.728--0.773)\<0.001 WHR0.890.8250.7140.791 (0.770--0.812)\<0.001 TyG8.90.7910.7410.828 (0.809--0.846)\<0.001 WTI8.90.8110.7260.830 (0.811--0.848)\<0.001 HW phenotype------0.843 (0.824--0.862)\<0.001[^5] Table 4Comparison of the AUC Values Between WTI and Other Indices for Detecting MetSDifference Between Area (95%CI)*P*- valueWomen WTI, vs BMI0.0838 (0.0513--0.116)\<0.0001 WTI, vs WC0.0804 (0.0482--0.113)\<0.0001 WTI, vs WHR0.0783 (0.0464--0.110)\<0.0001 WTI, vs WHtR0.100 (0.0669--0.134)\<0.0001 WTI, vs HW phenotype0.0420 (0.0224--0.0617)\<0.0001 WTI, vs TyG0.00646 (0.000903--0.0120)0.0227Men WTI, vs BMI0.0459 (0.0190--0.0729)0.0008 WTI, vs WC0.0449 (0.0173--0.0725)0.0014 WTI, vs WHR0.0385 (0.0110--0.0661)0.0061 WTI, vs WHtR0.0788 (0.0503--0.107)\<0.0001 WTI, vs HW phenotype0.0134 (−0.00323--0.0300)0.115 WTI, vs TyG0.00192 (−0.00312--0.00696)0.455[^6]

In women, there were significant differences in AUC values between WTI and each anthropometric index (all *P*\<0.0001) and between WTI and HW phenotype (*P*\<0.0001). Although the AUC values of WTI and TyG were very close to each other, there were statistical differences between them (*P*=0.0227). These results suggest that, compared with anthropometric indices as well as HW phenotype, TyG and WTI exhibited additive and stronger power for the risk stratification of MetS; further, TyG was nominally and significantly better than WTI.

In men, there were also significant differences in AUC values between WTI and each anthropometric index (all *P*\<0.0001). However, there were no statistical differences of AUC values among WTI, TyG and HW phenotype ([Table 4](#t0004){ref-type="table"}). These results suggest that, compared with anthropometric indices, WTI, TyG and HW phenotype exhibited additive and stronger power for the risk stratification of MetS and the three indices possessed very similar ability to screen MetS in men.

Optimal Cutoff Values of WTI and Other Indices for MetS Screening {#s0003-s2004}
-----------------------------------------------------------------

The optimal cutoff points of WTI, TyG and anthropometric indices and their most appropriate sensitivity, specificity for the detection of MetS in women and men are presented in [Table 3](#t0003){ref-type="table"}. The cutoff values of WTI and TyG for screening MetS were both 8.7 for women and both 8.9 for men, respectively. In women, the cutoff values of BMI, WC, WHR and WHtR for screening MetS were 23.8 kg/m^2^, 80.5 cm, 0.84 and 0.51, respectively; in men, the cutoff values of BMI, WC, WHR and WHtR for screening MetS were 25.5 kg/m^2^, 89.7 cm, 0.89 and 0.53, respectively.

Discussion {#s0004}
==========

Given the epidemic of the MetS, there is a need to develop simple and inexpensive screening tools that support physicians in identifying carriers of the risk of insulin resistance relative diseases such as diabetes, CVD, and certain types of cancers, which are all closely associated with MetS.[@cit0026],[@cit0036] This is particularly important, because the upstream MetS implies a therapeutic potential enabling the natural course and quality of subsequent diseases to be altered.[@cit0026] The present study is the report that not only uses a continuous WTI to screen for MetS, but also that compares the discriminatory ability between this new quantitative index and the HW phenotype as well as other indices in common use for screening MetS in nondiabetic adults.

As known, WC, due to its close correlation with visceral fat quantity, is a simple anthropometric index that is closely associated with insulin resistance, and because of that, an enlarged WC is regarded as one of the diagnostic criteria of MetS. In the setting of central obesity, visceral adipocytes release excess fatty acids and proinflammatory adipocytokines such as leptin and tumor necrosis factor alpha into the portal circulation, increasing hepatic steatosis and insulin resistance.[@cit0037] In addition, a number of studies have reported that other anthropometric indices such as WHR and WHtR have the similar or superior ability to predict MetS.[@cit0013]--[@cit0015],[@cit0038],[@cit0039] Therefore, on the basis of population-based studies, it is difficult to determine the best anthropometric indicator of MetS due to the differences of age, gender, ethnicity and other related factors within the study population. In this study, we found that the AUC value of WHR was slightly larger than the other three anthropometric indices. However, after further comparisons among the anthropometric indices by using the method described by DeLong et al,[@cit0035] we found that there were no statistical differences among the ability of BMI, WC, and WHR in screening for MetS in both genders, but they were all significantly better than WHtR (data not shown).

Apart from central obesity, the concept of insulin resistance also includes impairment in the oxidation and utilization of fatty acids.[@cit0040] The increased flux of free fatty acids from adipose to nonadipose tissue results in abnormalities of fat metabolism, amplifying many of the fundamental metabolic derangements that are characteristic of insulin resistance.[@cit0041] There is evidence indicating that hepatic triglyceride content is a strong determinant of hepatic insulin resistance and the intramyocellular triglyceride of the muscle insulin resistance.[@cit0042]--[@cit0044] These findings support the important role that triglycerides play in insulin resistance. Therefore, a large number of studies have investigated the role of HW phenotype on the screening for MetS as well as MetS-related diseases.[@cit0016]--[@cit0026],[@cit0033],[@cit0034],[@cit0045] Confirming earlier studies, the present study showed significant associations of HW phenotype with the presence of MetS.[@cit0016],[@cit0022],[@cit0023],[@cit0025] In those studies, they only used the specific range of WC and TG values to the diagnosis of HW phenotype. Lee et al reported that it was difficult to find the better phenotype consisting of individual measurements and TG on basis of the specific range of TG and WC,[@cit0018] indicating that the qualitative nature of HW phenotype may to some extent attenuate its effectiveness. Currently, there are limited studies comparing HW phenotype with other integrated indices in screening for MetS. von Bibra et al reported that HW phenotype was inferior to TG/HDL-c ratio in the identification of insulin resistance, impaired fasting glucose (IFG) and MetS by comparing different screening tools,[@cit0026] where the HW phenotype was the only qualitative variable and the other two were both continuous integrated variables (TG/HDL-c and HOMA-IR).

Interestingly, Lee et al have suggested that the best indicators of MetS in terms of individual anthropometric indices and the various phenotypes combining a single anthropometric index with TG may differ subtly according to age group in women other than in men in their latest report.[@cit0016] In this study, we also found that the ability of WTI, HW phenotype and TyG to screen for MetS may differ between genders. Unlike those studies, we transformed the qualitative HW phenotype into a specific continuous variable (WTI), and found that the one-SD increment of WTI significantly increased the odds of MetS in both genders. By comparing the AUC values of WTI, TyG, and HW phenotype, we found that the predictive power of WTI, HW phenotype and TyG in detecting MetS was almost similar in men, whereas in women, TyG and WTI exhibited additive and stronger power for the risk stratification of MetS compared with the HW phenotype; in addition, TyG was nominally and significantly better than WTI. These findings suggest that the appropriate markers and their cutoff values for screening MetS in population study should be considered according to the gender difference. Interestingly, WTI and TyG have the same optimal cutoff points for screening for MetS in both genders; the optimal cutoff points of the two indices for men and women were 8.9 and 8.7, respectively. To be noted, the optimal cutoff value of WTI in this study was based on the present population, whether it could also be applied to other countries or regions remains to be further studied.

The strengths of this study are as follows: (1) the findings were obtained from a relatively healthy large population, and the individuals in this study are distributed in multiple communities in Beijing; (2) this study firstly found that there were discriminatory effects on the screening for MetS between the quantitative and qualitative forms of the integration of TG and WC within genders. However, there are several limitations in this study. Its cross-sectional design makes it difficult to assess causal relationship. Also, we were unable to evaluate the level of insulin resistance based on this population who participated in the health checkup, thus, we could not provide any mechanistic explanation regarding our results. However, it has been confirmed that the HW phenotype is strongly associated with insulin resistance and MetS in several previous studies.

Conclusions {#s0005}
===========

The findings of this study suggest that there are discriminatory effects on the screening for MetS between the quantitative and qualitative forms of the combination of TG and WC in women rather than in men. In order to screen MetS simply and efficiently in population studies, HW phenotype may be a reliable and inexpensive tool for men; whereas in women, it may be better to use TyG or WTI.
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